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Abstract
Subjects were given reﬂexive- and voluntary-saccade tasks using ﬁve diﬀerent gap intervals (0–500 ms) between the ﬁxation point
oﬀset and the target onset and an overlap paradigm (i.e., the ﬁxation point remained on during the target presentation). In the ﬁrst
experiment, targets were monocularly presented, and the latencies of reﬂexive saccades to a peripheral target were compared be-
tween the left and right visual ﬁelds in which targets were presented. The data averaged over subjects did not show a signiﬁcant
diﬀerence of saccade latencies between the two visual ﬁelds. However, individual subjects showed strong left/right asymmetries of
saccade latencies: six out of the 12 subjects that participated made a saccade more rapidly to the right than to the left, and two other
subjects showed the reverse result. In these cases, the left/right asymmetry was observed on both gap and overlap trials. The saccade
latencies were not aﬀected by the hemiretina to which a target was projected. The second experiment was conducted to identify
conditions under which the left/right asymmetry can be reproduced. For this purpose, ﬁve subjects were given both reﬂexive-saccade
and voluntary-saccade tasks. In the latter task, a cue stimulus for generating saccades was given at the central ﬁxation point.
Regardless of whether saccades were made reﬂexively or voluntarily, and whether the targets were viewed monocularly or binoc-
ularly, each subject showed the same pattern of left/right asymmetries of saccade latencies. The results were interpreted as showing
that a visuo-spatial attentional bias speciﬁc to individual subjects is involved in generating idiosyncratic left/right asymmetries of
saccade latencies.  2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction
When subjects are asked to make a saccade to visual
stimuli appearing in the peripheral visual ﬁeld, they of-
ten show a preference in one direction. Zeevi, Wetzel,
and Geri (1988), for example, reported that when two
targets were bilaterally presented in the left and the right
visual ﬁelds, most subjects exhibited a directional pref-
erence to the left or to the right in their responses. Such
left/right asymmetries in oculomotor responses are ob-
served also in ordinary unilateral target-presentation
conditions. However, there are few, if any, studies that
have systematically addressed this problem (Hutton &
Palet, 1986).
The ﬁrst goal of this study is to provide clear evidence
of the existence of left/right asymmetries of saccade la-
tencies. I have been particularly concerned with the
interaction of the left/right asymmetries of saccade la-
tencies with the gap eﬀect that is known to modify the
latency of saccades to visual stimuli (Saslow, 1967). Re-
cently, Weber and Fischer (1995), using extensively
trained subjects, measured the latency of saccades to
visual targets presented in the left or the right visual ﬁeld,
under various conditions of gap interval between the
ﬁxation point oﬀset and the target onset. They reported
that four out of ﬁve subjects that participated showed
left/right asymmetries of saccade latencies. According to
them, these asymmetries were shown only when the gap
interval was 100 and 200 ms but were not observed for
no-gap (0 ms) and overlap trials on which the ﬁxation
point remained on throughout the duration of the trial.
Furthermore, they found that these asymmetries con-
sisted mostly in diﬀerent numbers of express saccades
(Fischer & Ramsperger, 1984), which the subjects pro-
duced to the left and the right side. In the present study,
in order to replicate the ﬁndings reported by Weber and
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Fischer (1995), I re-examined how the gap interval be-
tween the ﬁxation oﬀset and the target onset had an eﬀect
on left/right asymmetries of saccade latencies.
The second goal of this study is to identify conditions
under which the left/right asymmetry can be reproduced.
Especially, in the present study, I examine whether the
left/right asymmetry of saccade latencies is a phenome-
non speciﬁc to reﬂexive saccade responses to peripheral
stimulation, or can be observed also for voluntary sac-
cades. For this purpose, ﬁve subjects were given both an
ordinary reﬂexive saccade task and a voluntary saccade
task in which a cue stimulus for saccade generation was
presented at the central ﬁxation point, and the results
from these two tasks were compared. If the left/right
asymmetry of saccade latencies is shown only for re-
ﬂexive saccades, the asymmetry may, for example, re-
ﬂect a diﬀerent eﬃciency of visual processing in the left
and the right visual ﬁelds. In contrast, if the left/right
asymmetry is observed for both reﬂexive and voluntary
saccade tasks, this indicates that the asymmetry is in-
dependent of how saccades are produced, i.e., reﬂexively
or voluntarily, and suggests that it possibly has much to
do with some cognitive or oculomotor biases.
A ﬁnal goal was to compare targets presented in
temporal and nasal hemi-retinae. According to Posner
and Cohen (1980), when targets were monocularly pre-
sented bilaterally in both the left and right visual ﬁelds,
subjects usually made a saccade to a target appearing on
the nasal hemiretina (the temporal visual ﬁeld) of the eye.
This ﬁnding suggests a possibility that saccade genera-
tion is strongly inﬂuenced by the position on the retina to
which a target is presented. A similar nasal/temporal
asymmetry eﬀect has been described for the ‘‘inhibition
of return’’ phenomenon of attention (Rafal, Calabresi,
Brennan, & Sciolto, 1989), and for the reﬂex visual ori-
enting (Rafal, Smith, Krantz, Cohen, & Brennan, 1990;
Rafal, Henik, & Smith, 1991). The explanation proposed
by Rafal et al. (1990) to account for the nasal/temporal
asymmetry eﬀect was based on diﬀerences in the strength
of the direct retinal projection to the superior colliculus
(SC), a midbrain structure which is involved in the
control of saccades. The retinotectal projection from the
nasal hemiretina has a greater number of ganglion cells
projecting to the SC than does the temporal hemiretina.
In the present study, therefore, visual targets were mon-
ocularly presented, and we examined how saccade la-
tencies in a gap paradigm are changed by the hemiretina
to which targets are presented.
2. Experiment 1: left/right asymmetry of saccade latencies
in monocularly viewing condition
The ﬁrst experiment was conducted to explore (1)
how the saccade latencies are inﬂuenced by the visual
ﬁeld (left vs. right) in which target are presented, (2) how
the left/right asymmetries of saccade latencies, if they
exist, are changed by the gap interval between the ﬁxa-
tion point oﬀset and the target onset, and (3) how the
hemiretina (nasal vs. temporal) to which target are pro-
jected aﬀects saccade latencies. To examine the eﬀect of
hemiretina, targets were monocularly presented.
2.1. Method
Subjects: Twelve subjects participated in the experi-
ment. One subject (HH) was the author and therefore
knew the purpose of the experiment. The other eleven
subjects were graduate and undergraduate students.
They had no experience with eye movement experi-
ments. All had normal or corrected-to-normal vision.
Procedure: The subject was seated at a table in a dark
room with his/her eyes 58 cm from a black panel on
which visual stimuli were placed. The subject’s head was
ﬁxed by means of a chin rest. The position of the right
eye was monitored with a scleral-reﬂectance method at a
sampling rate of 500 Hz. The spatial resolution of the
apparatus was about 0.5 deg.
On each trial except for overlap trials, a ﬁxation point
(red LED, 0.5 deg in diameter) appeared from 800 to
1300 ms at the center of the black panel, and the subject
was required to keep watching the ﬁxation point. After
the oﬀset of the ﬁxation point, a target stimulus for a
saccade (red LED, 0.5 deg in diameter) was presented
for 500 ms 6 deg left or right of the ﬁxation point. The
luminance level of these LEDs measured at the subject’s
eye position was about 20 cd/m2. The subject was in-
structed to make a saccade to the target as fast as pos-
sible. The gap interval between the oﬀset of the ﬁxation
point and the onset of the target was 0, 50, 100, 200 or
500 ms. On overlap trials, the ﬁxation point remained on
until the oﬀset of the target.
Four LEDs were used as saccade targets, and polar-
izing ﬁlters were set between the subject’s eye and the
LEDs. Thereby, the targets were monocularly presented
on the left or the right side of the ﬁxation point. In
contrast to ordinary monocular viewing using an eye-
patch, subjects were unable to know which eye the tar-
gets were presented to. In addition, this method also
prevented an annoying phosphene usually appearing in
the occluded eye.
Each subject was given 10 blocks of 24 trials each. In
each block, 4 overlap trials and 20 gap trials (4 trials for
each of 5 gap interval) were included. The order of these
diﬀerent trials was randomized within each block. On
half of the trials, the target appeared on the left side of
the ﬁxation point, on other trials, it appeared on the
right side. Half of the targets presented in each visual
ﬁeld were projected to the left eye and other targets were
to the right eye.
The beginning of a saccade was determined by using
an amplitude criterion. A saccade was indicated when
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eye position deviated 0.3 deg from a base line: base
line was the average eye position just prior to the target
onset. This amplitude criterion is equivalent to a velocity
criterion of about 20 deg/s. The temporal interval be-
tween the onset of the target and the beginning of the
saccade was measured as a saccade latency for each trial.
A trial was rejected from the data analysis described
below if the latency was either less than 50 ms or greater
than 500 ms. The proportion of rejected trials was 2.2%
of the total number of trials averaged over the 12 sub-
jects.
2.2. Results
The gap eﬀect: As the eye to which targets were
presented was not found to inﬂuence saccade latencies,
the data were collapsed across the two eyes. Fig. 1 shows
the saccade latencies averaged over the visual half-ﬁelds
to which targets were presented, separately for 12 sub-
jects. The mean latencies collapsed across subjects were
also shown in the ﬁgure. Although there are small dif-
ferences among the results obtained from each subject,
the averaged pattern showed an ordinary gap eﬀect very
similar to that reported by Saslow (1967): the saccade
latency was longest in the overlap trials and shortest
with a gap of about 200 ms.
Left/right asymmetry: The left panel of Fig. 2 shows
the saccade latencies averaged over subjects as a function
of the gap interval, separately for the right and left visual
ﬁelds to which targets were presented. Although the
saccade latencies for the right visual ﬁelds seem to be
shorter than those for the left visual ﬁeld, the diﬀerence
was not statistically signiﬁcant (F ð1; 11Þ ¼ 4:33, p < 0:1).
However, this was not the case for the saccade latencies
obtained from each subject. We, therefore, applied a
three-factor repeated measures ANOVA to the data
obtained each subject. The factors included were visual
ﬁeld (left/right), hemiretina (nasal/temporal) and gap
interval (overlap and 5 gap intervals). The main eﬀect of
gap interval was signiﬁcant for all subjects, reﬂecting that
for all subjects saccade latencies were longer in the
overlap trials than in the gap trials. The eﬀect of visual
ﬁeld was signiﬁcant for eight out of the 12 subjects that
participated. In six subjects out of the eight subjects, the
saccade latency was signiﬁcantly shorter for the target
presented in the right visual ﬁeld than for that in the left
visual ﬁeld. (YT: F ð1; 214Þ ¼ 35:36, YK: F ð1:213Þ ¼
34:09, KA: F ð1:212Þ ¼ 56:67, HK: F ð1; 197Þ ¼ 47:21,
AH: F ð1; 206Þ ¼ 11:81, KI: F ð1; 209Þ ¼ 6:70, p < 0:01
for all subjects). The other two subjects showed the re-
versed pattern (HH, F ð1:216Þ ¼ 4:46, p < 0:05. NS,
F ð1:215Þ ¼ 4:58, p < 0:05). Fig. 3 shows some examples
of the left/right asymmetries of saccade latencies shown
by individual subjects. As shown in Fig. 3, the left/right
asymmetry was indicated on the overlap trials as well as
on the gap trials. The remaining four subjects (RI, KY,
MT, HI) did not show a signiﬁcant main eﬀect of visual
ﬁeld. The interaction between visual ﬁeld and gap in-
terval was signiﬁcant for subject KA. She showed ex-
tremely short latencies throughout, and especially when
targets were presented in the right visual ﬁeld. As de-
scribed below in more detail, the eﬀect of hemiretina was
signiﬁcant only for one subject.
Express saccades: It was rare that subjects executed
express saccades. This may be because all subject except
the author participated in the eye movement experiment
for the ﬁrst time. One exception was subject KA. When
a target was presented in the left visual ﬁeld, this subject
showed an ordinary gap eﬀect. However, when a tar-
get was presented in the right visual ﬁeld, she made
saccades with very short latencies even in the overlap
trials. The saccade latencies for the right-side target
were in most cases (86%) within the range of express
saccade with a latency of less than 125 ms, and the
peak of the frequency distribution was about 110 ms
(Fig. 4).
Eﬀect of the hemiretina: The right panel of Fig. 2
shows the saccade latencies averaged over subjects as a
function of the gap interval, separately for the nasal and
temporal hemiretinae to which targets were presented. It
is clear that there is no nasal/temporal asymmetry. This
was supported also by a three-factor repeated measured
ANOVA applied to the data from each subject, because
the main eﬀect of hemiretina was signiﬁcant only for
subject HK: she made a saccade more rapidly when a
target was projected into the nasal hemiretina than when
Fig. 1. Means of saccade latencies for the gap and overlap trials shown
by 12 subjects in monocular reﬂexive saccade task (Experiment 1). The
thin lines with open symbols indicate the results from each subject.
Each point represents the mean of about 40 trials averaged over the
eyes and the visual-half ﬁeld. The thick line is the average of the 12
subjects.
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it was projected into the temporal hemiretina (F ð1;
197Þ ¼ 6:24, p < 0:05). Thus, it seems reasonable to
conclude that saccade latencies are not inﬂuenced by the
position on the retina (nasal vs. temporal) to which a
target is projected.
3. Experiment 2: comparison of reﬂexive saccades and
voluntary saccades
Experiment 1 demonstrated that left/right asymme-
tries of saccade latencies are not unusual. The question
Fig. 3. Left/right diﬀerences of saccade latencies between the right and left visual ﬁelds observed in six subjects. Filled () and open circles () indicate
the means of saccade latencies obtained when targets were presented in the right and left visual ﬁelds.
Fig. 2. Left: mean saccade latencies averaged over the subjects when targets were presented in the right () and left visual ﬁelds (). Right: mean
saccade latencies averaged over the subjects when target were presented to the nasal () and temporal hemiretinae () of the eye.
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here is why these idiosyncratic asymmetries are ob-
served. To obtain a cue for answering this question, ﬁve
subjects who participated in Experiment 1 were given a
voluntary saccade task. Thereby, we explored whether
the left/right asymmetries demonstrated in Experiment 1
are speciﬁc to reﬂexive saccades generated by visual
stimuli appearing in the peripheral visual ﬁeld or whe-
ther the asymmetries are observable also in a voluntary
saccade task. In the voluntary saccade task, visual
stimuli were binocularly presented, whereas in Experi-
ment 1 the visual stimuli were monocularly presented.
Therefore, it is impossible to directly compare the results
of the two experiments. For this reason, in Experiment
2, subjects were given a reﬂexive saccade task under
binocular viewing condition, and the results were com-
pared with those shown in the voluntary saccade task.
3.1. Method
Subject: Five subjects participated in Experiment 2.
Three of them (subjects YK, YT and KA) showed a
large right side advantage in Experiment 1. One subject
(HH) showed a left side advantage in Experiment 1, and
the other subject (RI) did not show a signiﬁcant diﬀer-
ence of saccade latencies between the left and right vi-
sual ﬁelds.
Procedure: Visual stimuli were presented on a com-
puter display (Iiyama, MF-8617ES). On each trial, a
small circle (0.8 deg in diameter) was presented as a
ﬁxation point for 800–1300 ms at the center of the dis-
play, and the subjects were required to keep watching
the center of the circle. After the oﬀset of the ﬁxation
point, a cue stimulus for voluntary saccade was pre-
sented for 500 ms. The cue consisted of a vertical line
(0.8 deg in length) and a short horizontal line (0.3 deg in
length) attached to the left or the right side of the hor-
izontal line (Fig. 5). The short horizontal line indicated
the direction in which the subjects should make a sac-
cade. When the short line was on the left side of the
vertical line, the subject was instructed to make a sac-
cade to a small circle (0.1 deg in diameter) positioned 6
deg left of the horizontal line. When the short line was
on the right side of the vertical line, the subject made a
saccade to a small circle positioned 6 deg right of the
horizontal line. The two small circles were presented at
the beginning of each trial together with the ﬁxation
point, and remained on until the oﬀset of the cue stim-
ulus. The luminance level of these visual stimuli was
about 30 cd/m2 with the background luminance of 1 cd/
m2. The gap interval between the ﬁxation point oﬀset
and the cue onset was 0, 100, 200 300 or 500 ms. On
Fig. 4. Frequency distributions of saccade latencies shown by subjects KA in the monocular reﬂexive saccade task. Left: results for targets appearing
in the left visual ﬁeld, right: results for targets appearing in the right visual ﬁeld.
Fig. 5. A schematic representation of stimulus presentation in the
voluntary saccade task (Experiment 2).
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overlap trials, the ﬁxation mark remained on until the
oﬀset of the cue stimulus.
Each subject was given 10 blocks of 24 trials each. In
each block, 4 overlap trials and 20 gap trials (4 trials for
each of 5 gap intervals) were included. The order of
these diﬀerent trials was randomized within each block.
On half of the trials, subjects were cued to make a
leftward saccade, and on other trials a rightward sac-
cade.
In addition to this voluntary saccade task, subjects
were given a binocular reﬂexive saccade task. The
method of the binocular reﬂexive saccade task was the
same as that of the monocular reﬂexive saccade task
examined in Experiment 1, except that saccade targets
were binocularly presented by replacing the polarizing
ﬁlters. The luminance level of the targets was the same
as that used in Experiment 1. Each subject was given 10
blocks of 24 trials each. On half of the trials, the target
was presented in the left visual ﬁeld. On other trials, it
was presented in the right visual ﬁeld. A trial was re-
jected from the data analysis described below if the la-
tency was either less than 50 ms or greater than 500 ms.
The proportion of rejected trials was less than 1% of the
total number of trials averaged over the ﬁve subjects.
3.2. Results
Voluntary saccade task: The results of Experiment 2
were shown in Fig. 6. The upper two lines in each data
set indicate the saccade latencies obtained in the vol-
untary saccade task. A two-factor (gap interval x di-
rection of saccades) ANOVA was applied to the data
from each subject. The main eﬀect of gap interval was
signiﬁcant for all subjects. The eﬀect of saccade direc-
tion (leftward vs. rightward) was highly signiﬁcant
for three subjects, YK, YT, and KA (F ð1; 225Þ ¼ 41:68,
F ð1; 225Þ ¼ 53:58, F ð1; 227Þ ¼ 18:21, respectively, p <
0:001 for all subjects). They all made a saccade more
rapidly when a rightward saccade was required than
when a leftward saccade was required. Subject HH
showed the reverse result: he made rightward saccades
more rapidly than leftward saccades (F ð1; 228Þ ¼ 3:8,
Fig. 6. Left/right diﬀerences of saccade latencies observed in the voluntary saccade task and the binocular reﬂexive saccade task. The upper two lines
in each data set indicate latencies of rightward () and leftward saccades () in the voluntary saccade task. The lower two lines indicate latencies of
reﬂexive saccades to targets presented in the right (j) and left visual ﬁelds ().
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p < 0:05). Subject RI did not show such left/right
asymmetries of saccade latencies. Thus, the subjects
showed the same left/right asymmetries of saccade la-
tencies as those they showed in Experiment 1.
Binocular reﬂexive saccade task: The lower two lines
in Fig. 6 show the saccade latencies observed in the
binocular reﬂexive saccade task. Three subjects, YK,
YT, and KA, made a saccade more rapidly when a
target was presented in the right visual ﬁeld than when it
was presented in the left visual ﬁeld (F ð1; 223Þ ¼ 20:42,
F ð1; 226Þ ¼ 39:80, F ð1; 228Þ ¼ 80:46, respectively, p <
0:001 for all subjects). Subject HH showed a signiﬁcant
left visual ﬁeld advantage (F ð1; 228Þ ¼ 25:03, p < 0:001Þ,
but such left/right asymmetries of saccade latencies were
not observed for subject RI. It is evident, therefore, that
for all subjects the direction of the left/right asymmetries
was the same between the two tasks despite the diﬀer-
ence in the mode of saccade generation: reﬂexive or
voluntary.
4. Discussion
Left/right asymmetries of saccade latencies: In Ex-
periment 1, more than half of the subjects showed a
signiﬁcant diﬀerence of saccade latencies for targets
presented in the left and the right visual ﬁelds. However,
the direction of the asymmetry was not the same among
the subjects. For some subjects, saccade latencies were
shorter when a target appeared in the right visual ﬁeld
than when it appeared in the left visual ﬁeld, but other
subjects showed the reverse result.
In most cases, the asymmetry was shown on both
overlap and gap trials. This ﬁnding is not consistent with
that by Weber and Fischer (1995), because in their study
the left/right asymmetry was not observed for no-gap (0
ms) and overlap trials. The reason for this discrepancy is
not known, but may be that in Weber and Fischer’s
study extensive pre-test training of saccade generation
might have reduced the left/right diﬀerence in saccade
latencies to the point where it was no longer signiﬁcant.
Conditions under which the left–right asymmetries oc-
cur: The most interesting ﬁnding of the present study is
that, at least for the subjects that participated in Ex-
periment 2, the direction of left/right asymmetry was
ﬁxed regardless of whether saccades were made reﬂex-
ively or voluntarily and whether the target was viewed
monocularly or binocularly. Why did these subjects
execute saccades more rapidly toward the right than
toward the left or vice versa? One possible explanation is
that, for some reason, the target stimulus was seen more
clearly in the right (or left) visual ﬁeld than in the left (or
right) visual ﬁeld. However, this explanation is rejected
because the left/right asymmetries were observed also in
a voluntary saccade task in which a cue stimulus for
saccade generation was presented in the center of the
visual ﬁeld. Therefore, it seems reasonable to think that
the asymmetry was produced by such cognitive factors
as visuo-spatial attentional biases which can be involved
in both reﬂexive and voluntary saccade tasks.
Although attention can be operated independently of
eye movements, the two systems normally operate in
concert (Klein, 1980; Posner, 1980; Remington, 1980;
Shepherd, Findlay, & Hockey, 1986; Rezzolatti, Riggio,
Dascola, & Umilta, 1987). A number of studies have
indicated that saccade latency is changed by the prior
orienting of visual attention (Sheliga, Riggio, & Rizzol-
atti, 1984; Walker, Kentridge, & Findlay, 1995). Weber
and Fischer (1995), for example, demonstrated that left/
right asymmetries of saccade latency were strongly
modulated when a central ﬁxation point was replaced by
a peripheral attention target. These previous studies
suggest the above-mentioned possibility that the primary
factor for generating the left/right asymmetry of saccade
latency is a visuo-spatial attentional bias speciﬁc to in-
dividual subjects.
The mechanisms producing a large decrease of sac-
cade latency in a gap paradigm have been a matter of
controversy (Bekkering, Pratt, & Abrams, 1996; Braun
& Breitmeyer, 1990; Fendrich, Demirel, & Danzinger,
1999; Mayfrank, Kimming, & Fischer, 1987; Reuter-
Lorenz, Hughes, & Fendrich, 1991; Reulen, 1984; Sa-
slow, 1967; Tam & Ono, 1994; Tam & Stelmach, 1993;
Walker et al., 1995; Weber & Fischer, 1995). In any way,
however, it seems that the attentional bias supposed here
to be involved in generating the left/right asymmetry of
saccade latencies is independent from the mechanisms
underlying the gap eﬀect, because the asymmetries
were observed on the overlap trials as well as on the gap
trials.
The orienting of attention which precedes a saccade
production occurs transiently in the direction indicated
by a central or a peripheral cue stimulus presented on
each trial. Thus, the direction of this type of attention
varies from trial to trial. Meanwhile, the left/right
asymmetry observed in the present study was relatively
steady, and each subject constantly executed saccades
more rapidly to the preferred direction than to the non-
preferred direction. Therefore, it is evident that the at-
tentional bias we hypothesized here for explaining the
left/right asymmetries has no direct relation to a saccade
execution itself.
Express saccades: In the present study, express sac-
cades were rarely observed. This is because, unlike
Weber and Fischer (1995) study, all subjects except the
author were untrained subjects with no experience of eye
movement experiments. An exceptional result was ob-
tained from subject KA. When a target was presented in
the right visual ﬁeld, she executed a saccade very rapidly
even on the overlap trials in both monocular and binoc-
ular reﬂexive saccade tasks. The latencies for the right-
side target were in most cases within the range of express
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saccades. The reason why she showed such short sac-
cade latencies is not known.
According to recent studies, express saccades are
frequent in children in comparison with adults (Fischer
et al., 1993), and adult subjects with dyslexia show more
express saccades than ordinary subjects (Biscaldi, We-
ber, Fischer, & Stuhr, 1995). However, it also was
pointed out that express saccades were not an unusual
response. Biscaldi et al. (1995) reported that some sub-
jects made almost exclusively express saccades even in
the overlap condition without any previous training.
These ‘‘express makers’’ had considerable diﬃculties in
conducting the anti-saccade task where they were asked
to make a saccade in the direction opposite to a target
stimulus. They made large numbers of direction errors,
i.e., saccades to the target stimulus. The frequency of
these ‘‘express saccade makers’’ was relatively high,
approximately 6% of the population.
Thus, it is not surprising that subject KA in the
present study showed many express saccades even in the
overlap trials. But the marked left–right asymmetries she
showed are worth noting. The exact mechanism re-
sponsible for producing such asymmetric saccade re-
sponses is not known. This subject showed very fast
saccades in comparison with the other subjects even
when a target appeared in the left visual ﬁeld. This im-
plies that this subject idiosyncratically has an ability to
make an oculomotor response quite rapidly regardless
of the visual ﬁeld in which the target appears. In addi-
tion, this subject may have a large attentional bias to the
right. These may be the reasons why this subject showed
a number of express saccades exclusively to a target
presented in the right visual ﬁeld.
The eﬀect of hemiretina: Saccade latency was not in-
ﬂuenced by the hemiretina of the eye to which a target
was projected. This is not consistent with Posner and
Cohen (1980) ﬁnding. However, it is impossible to di-
rectly compare the result of the present study with that
reported by Posner and Cohen, because they examined
the frequency of saccade generation instead of saccade
latency.
Rafal et al. (1989) reported that the ‘‘inhibition of
return’’ of attention was larger when a target appeared
in the temporal visual ﬁeld (i.e., the nasal hemiretina)
than when it appeared in the nasal visual ﬁeld (i.e., the
temporal hemiretina). They also showed that, in a cost-
beneﬁt experiment using a peripheral cue stimulus, both
cost and beneﬁt were larger when the cue stimulus was
presented to the nasal hemiretina (Rafal et al., 1991).
Furthermore, Rafal et al. (1990) examined how the la-
tency of saccades made by hemianopic patients to
stimuli presented in their intact visual ﬁeld was inﬂu-
enced by presenting a visual distractor stimulus in the
blind ﬁeld, and found that the distractor in the temporal
visual ﬁeld increased the saccade latency, while the dis-
tractor in the nasal visual ﬁeld had no eﬀect. The same
oculomotor distractor eﬀect has reported also for nor-
mal subjects (Walker, Mannan, Maurer, Pambakian, &
Kennerd, 2000). These ﬁndings suggest that a visual
stimulus attracts more attention when it is presented to
the nasal hemiretina than when it is presented to the
temporal hemiretina. Therefore, it might be expected
that reﬂexive saccades would be generated more rapidly
when a target is presented to the nasal hemiretina.
However that was not found in the present study. Fur-
ther work will be necessary to identify the critical dif-
ference in the experimental paradigms.
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